Calcium ion binding by tobacco mosaic virus.
Calcium ion titrations were performed on solutions of tobacco mosaic virus using a calcium-specific ion-exchange electrode. Scatchard analyses were used to obtain the number of calcium ion binding sites per protein subunit (n) and the apparent stability constant for complex formation (beta' Ca). These experiments were performed on unbuffered solutions, in either water or 0.01 M-KCl, to allow a determination of the number of hydrogen ions released per calcium ion bound (chi). The results indicate that near neutrality, the virus particle possesses two calcium ion binding sites per subunit having apparent stability constants greater than 10(4) M-1. The results are interpreted as if these two sites are non-identical and titrate independently. The higher affinity site for the virus in water has a value of log beta' Ca, which varies from about 8.5 at pH 8.5 to about 3.9 at pH 5.0, and for the virus in 0.01 M-KCl has a value that varies from about 6.2 at pH 8.0 to about 3.7 at pH 5.5. The higher affinity site for the virus in water binds up to two competing hydrogen ions, one with an apparent pKH value greater than 8.5 and the other with a value that varies from 6.0 at pH 5.5 to 7.3 at pH 8.0. For the virus in 0.01 M-KCl, only the competing hydrogen ion binding with an apparent pKH value greater than 8.5 remains. The results could be interpreted as indicating that the electrical charge on the virus particle has a constant value in the pH range 5.5 to 8.0 despite the fact that hydrogen ion titration curves for the intact virus particle indicate that the charge should vary from about -1 per subunit at pH 5.5 to about -4 at pH 8.0.